The design of Māori wharenui (meeting houses), refined over the last 180 years, has given rise to a distinctive typology that demonstrates an understanding of tectonic-narrative expression. It is a visual codex designed to be read. Set within the context of pre-disaster readiness, this current study investigated the resilience of Māori buildings and communities through a dual interpretation of seismic, regulatory and historical frameworks. The literature on Māori building technologies scarcely addresses matters of resilience and there is currently no formalized methodology to guide wharenui seismic retrofit practice. Through a macro level analysis of recently completed retrofit projects, this current study identified issues present in current practice. The resulting research presented a pathway for the future development of an approach (to inform methodologies) and strategy (to build capability) founded on the recognition of wharenui as a new category of building within building regulations. It is also recommended that research continues to develop alternative engineered solutions, expert knowledge bases and best practice guidelines.
This article is part of the theme issue 'Environmental loading of heritage structures'.
Introduction
The year 2019 marks the 250th anniversary of the Royal Society's expedition into the Pacific, led by Captain James Cook, to witness and document the 1769 Transit of Venus. The arrival of Cook to Aotearoa New Zealand began a relationship with Britain that was formalized by the signing of Te Tiriti o Waitangi and The Treaty of Waitangi on the 6 th of February 1840 [1] . As the document that established legal relationships between Māori and the Crown, the Treaty has more recently informed national legislation by providing a model for bicultural partnership (in decision-making and reciprocity between Māori and non-Māori institutions) and for active protection (through recognizing and safeguarding cultural heritage) [2] . These Treaty attributes underpin our multi-disciplinary study that addresses the seismic response of Māori buildings in Aotearoa New Zealand in both indigenous mātauranga Māori (Māori knowledge systems) and western scientific contexts.
A marae is a complex of Māori community buildings that is a physical manifestation of ngā taonga tuku iho (ancestral legacy), cultural values, and Māori tribal and sub-tribal worldviews. Originating in eastern Polynesia [3] , but innovated and adapted by Māori in Aotearoa New Zealand, the marae complex is the social, political and spiritual forum for local tribal authorities, Māori communities and whānau (families), and ancestral landscapes. Māori have long embraced the development of their buildings through adapting design, construction techniques and practices with advancing technologies and skills. Māori architecture and engineering, by design, form and function, define the tenets of resilience. Wharenui (meeting houses) are the primary cultural focus of marae complexes and often are representations of ancestral connection for whānau (extended families), hapū (subtribes) and/or iwi (tribes). These buildings embody centuries of cultural knowledge and the expertise of Māori builders whose building practices, technologies, materials and artworks are responses to matters of resilience to natural hazards.
Aotearoa New Zealand regularly experiences large earthquakes, with the Canterbury earthquake sequence commencing in 2010 and causing extensive damage to Aotearoa New Zealand's second largest city ofŌtautahi, also known as Christchurch. Following the Canterbury earthquakes, a Royal Commission of Inquiry [4] was undertaken, which in turn led to changes to national legislation regarding the treatment of earthquake-prone buildings (EPB) [5] . A formal seismic assessment methodology was developed that first involves screening of buildings to identify those that match specific profiles and are classified as potentially earthquake prone. Those buildings that are deemed to be EPB must then undergo a detailed seismic assessment based on structural engineering principles to establish the likely earthquake capacity of the building. When a building is found to have insufficient earthquake strength, the legislation provides timeframes for the building to be either earthquake strengthened or demolished. The social, financial and cultural impact of the new legislation is significant for non-Māori commercial and community heritage buildings, but no research (prior to our study) has been undertaken to identify the direct and indirect impacts of the legislation on the Māori built environment.
Worldwide there has been a trend over time to design for greater lateral forces as knowledge of site seismicity and earthquake engineering develops. Therefore, it is generally recognized that older buildings are more likely to be earthquake prone than recently constructed buildings. An elevated public awareness and subsequent focus on building safety has resulted in some marae communities taking substantial pre-emptive measures to address perceived risks apparent in their older marae buildings. Western methods of earthquake strengthening are well documented, and structural engineers are trained in the application of these techniques. In comparison, Māori have coexisted alongside the forces of Rūaumoko (the Māori deity of earthquakes) and over many centuries have developed their own techniques to enhance building and community resilience to earthquakes. Currently, there is no recognized western design methodology that facilitates the incorporation of indigenous approaches into accepted seismic strengthening practice, nor a formalized strategy towards the implementation of indigenous knowledge into developed guidelines for practitioners. 
Research question and methodology
Are Māori values considered in the planning and construction phases of wharenui seismic retrofit? This question has been developed as a response to problematic issues present in the current systems and processes applied to the seismic retrofit of wharenui on marae. We address this question through a contextual analysis of the frameworks that are fundamental to understanding the multi-layered resilience (building, cultural and community) that is present in Māori communities and structures. The research considers the seismic context from Māori and western perspectives in the literature, legislation and Māori lived experience. We then review the importance of wharenui architecture and engineering, with a particular focus on seismic resistance. Critical to a study of this kind is an exploration of the key impacts of seismic building legislation on Māori heritage structures and the decision-making processes and planning of projects by and for affected Māori communities. We evaluate recent attempts at seismic strengthening of wharenui using gathered qualitative data and conclude with recommendations about best cultural and technical practice.
Our team of Māori and non-Māori experts in complementary building fields have a unique interdisciplinary approach for the analysis of current issues and the development of recommendations. This cross-disciplinary study sets a precedent within a limited discourse that establishes a relationship between architectural typology, indigenous engineering and social anthropology through a lens that is considerate of the Principles of Te Tiriti o Waitangi, including bicultural partnership and active protection [2] . Guided by a Kaupapa Māori Research approach [6] , this research has been led by Māori, was undertaken for the benefit of Māori, and sought additional Māori expertise to further complement the research. The protection of cultural and intellectual property collected in our research data has been prioritized in acknowledgement of the marae community as authorities of their traditional knowledge. As such, specific details are not discussed. Instead, observations of influencing factors present in six anonymized case study projects inform a qualitative analysis and commentary.
Cultural seismic context
Māori have a wealth of knowledge regarding earthquakes, volcanoes and other phenomena which comes from an intimate relationship with the natural environment, amassed and passed on from generation to generation. Within traditional Māori understandings of the natural world, Rūaumoko (also known as Rūamoko) is the deity associated with earthquakes, volcanoes and geothermal activity (figure 1a). Stokes [7] describes Rūaumoko as the youngest child of Ranginui (the Sky Father) and Papatūānuku (the Earth Mother), being an infant still at his mother's breast at the time when his older brothers forcefully turned their mother facing downwards in an attempt to quell their parents' anguish at being separated. This action took Rūaumoko to Rarohenga (the underworld), where he continues to reside. Being below the ground he is said to be responsible for earthquakes and volcanic activity, with these phenomena being acts of war against his brothers, as well as punishments upon humankind for disrespectful actions.
Iwi and hapū knowledge associated with Rūaumoko has enabled the forecasting of earthquakes based upon observed disturbances in geothermal resources [8] . The 'fires' that provide the heat source of these geothermal sites are understood to be the offspring of Rūaumoko, which were delivered to the sites by the deities Te Hoata & Te Pūpū [7] . Similar connections were also made to other deities related to Rūaumoko, such as Mahuika and Mataoho, who are associated with fire and volcanic activity. The interconnectedness of these resources and forces are well understood by Māori, as well as the consequences of not adequately showing respect. Some hapū attribute the 1886 Tarawera earthquake and eruption to particular sacred sites within the Pink and White Terraces (formed of siliceous sinter deposits and place significant to Māori) being desecrated during tourism operations between the early 1860s to 1886 [9] , with specific omens that were observed in the natural environment being left unheeded [10] . The literature concerning Rūaumoko has been affected by European perceptions of the value and meaning of Māori ancestral narratives. Most references to the deity sit within the mythopoetic tradition of nineteenth and early twentieth century New Zealand nationalist writing, in which Māori deities and creation stories are variously reconceived as mythologies (a local variant on Roman, Greek and Viking hero stories) and children's fairy tales authored by anthologists and amateur scholars. Rūaumoko received little attention in these works as he is usually cast as a minor deity, his contribution eclipsed by the activities of his illustrious parents and senior brothers. The first serious writing about Māori deities, including Rūaumoko, was that by the academic Margaret Orbell [11] , and Ross Calman's (Ngāti Toa, Ngāti Raukawa and Ngāi Tahu) revisions to Alexander Reed's earlier anthology of Māori culture stories [12] , published as the Raupō Book of Māori Myth and Legend in 2008. What these later works illustrate is that, despite the paucity of literature on Rūaumoko, narratives about his contribution to Māori understanding of the natural world and natural challenges abound within kōrero tuku iho, or Māori oral narratives passed down between generations, within whānau, hapū and iwi.
Aotearoa New Zealand seismicity
Aotearoa New Zealand is located on the boundary between the Pacific and Australian tectonic plates (figure 1b), resulting in the country being highly earthquake prone [13] [19] is based upon the National Seismic Hazard Model (NSHM) published in 2010 [20] . With reference to figure 1b, for a timber structure founded on medium (normal or shallow) soil conditions and located adjacent to the coastal region of the Taupō Volcanic Zone but not within 20 km of a known major fault, the 5% damped spectra from NZS 1170.5 results in an ultimate limit state (500 year return period) peak lateral design action coefficient of 0.16 (corresponding to a horizontal acceleration of 0.16 × 9.81 = 1.57 ms −2 ). This lateral design coefficient assumes the building to be of normal importance (importance Level 2 or IL2), as distinct from being either a minor structure (IL1) or a major structure containing crowds (IL3), a structural ductility factor of 2.5, and an assumed first mode period of 0.4 s. These assumed values are extracted from the New Zealand Ministry of Education guidelines for the seismic assessment of timber school buildings [21] , assuming that the general structural form, construction materials, and hence seismic response of a timber wharenui and a timber school building are comparable.
Recommendations from the Canterbury Earthquakes Royal Commission [4] led to Royal assent of the 'Building (Earthquake-prone Buildings) Amendment Act 2016' on 13 May 2016 [5] that came into effect on 1 July 2017. The Bill resulted in a new national system for managing potentially EPBs, based on the framework shown in figure 2a. Central to this framework is the definition of %NBS, which is a rating given to a building as a whole expressed as a 'percentage of New Building Standard', based on an assessment of the expected seismic performance of an existing building relative to the minimum life safety requirements that would apply to a comparable new building constructed on the same site [22] . Any building assessed to have an earthquake rating of below 34%NBS is defined as being an EPB. Under the new system, every territorial authority in Aotearoa New Zealand is responsible for identifying EPBs in its jurisdiction using profiling criteria, after which building owners must obtain engineering assessments that are undertaken by suitably qualified professional engineers. If a building is assessed to be earthquake prone then building owners must display notices on their building until the hazard is rectified by either remediation or demolition of the building. Additionally, information on EPBs is publically accessible through the 'EPB register'.
Critical to the EPB methodology are the three profile categories that trigger implementation of the EPB methodology, being: (A) unreinforced masonry (URM) buildings, including building parts such as brick chimneys; (B) pre-1976 buildings that are either three or more storeys or 12 m or greater in height and (C) pre-1935 building (other than URM) that are one or two storeys in height and are located in high or medium seismic risk areas (figure 2b). Of particular relevance to our study is that a single-storey building constructed primarily of timber framing without other construction materials is specifically excluded from the profiling categories. Consequently, when considering the typical nature of buildings encountered on marae located in high and medium seismic zones, the two key aspects are identification of:
1. Any building containing URM building elements, such as a brick chimney. 2. Any pre-1935 buildings, other than those constructed solely of timber framing, that use other construction materials (such as brick or concrete) to provide lateral support.
Most wharenui are constructed exclusively of timber. Hence, strictly speaking, the majority of wharenui are exempt from the national EPB methodology. However, all structures must comply with the requirements of the New Zealand Building Code (NZBC) [23] : Clause B1 'Structure' of NZBC requires that all buildings must withstand likely wind and earthquake loading; Clause E2 'External moisture' of NZBC requires that the roof, wall claddings and external openings will prevent external moisture from causing undue dampness or damage; Clause C 'Protection from fire' of NZBC relates to the protection of people in and adjacent to buildings against injury from fire; and Clause H1 'Energy Efficiency' of NZBC requires that the building is adequately insulated. When a wharenui is assessed to not comply with the NZBC, building remediation then triggers a determination of a building's likely earthquake performance. When subjected to lateral loading, a wharenui must not only have adequate lateral strength, but also have sufficient stability (lateral stiffness). New Zealand seismic design and assessment methodology is progressively incorporating displacement-based procedures for ensuring suitable seismic performance, extending beyond earlier forced-based methodologies [24, 25] . Because of the aged and potentially degraded nature of many nineteenth and early twentieth century timber wharenui, aspects of lateral stability, weather tightness, durability and fire hazard are interwoven. One challenge when undertaking an assessment of lateral stability is to obtain reliable material characteristics for native timber species when recognizing that this timber is no longer used in common construction practice. Limited technical resources are available [26] , with matai (Prumnopitys taxifolia) having a recommended modulus of elasticity (MoE) of 8.1 GPa, kauri (Agathis australis) having an MoE of 13.0 GPa [27] and totara (Podocarpus totara) having an MoE of 6.4 GPa.
Wharenui architecture and engineering
The EPB Amendment Act has brought into sharp focus an urgent need to find common ground between Māori building practice values and western regulatory systems. We are not proposing that they can be reconciled, because these values and systems are founded on their own epistemologies, and as our case studies will show, attempts to do so can sometimes compromise cultural, architectural and engineering integrity. Understanding the cultural, structural and historical contexts of wharenui is, therefore, important for any analysis of recent seismic retrofit projects. 1b) . Over half of all marae in active use today were built between 1880 and 1950 [30] . Wharenui are a relatively recent and important archetype that were built as early as 1840 on the North Island's East Coast, a time that also coincided with the circulation of The Treaty of Waitangi for signing, the spread of Christianity through missions, and increasing pressure on Māori to sell land for Pākehā (European) settlement. These large buildings, which were typologically an expansion of the wharepuni (family sleeping house) with the addition of carved and painted ornamentation typically associated with chiefs' houses and pātaka whakairo (decorated storehouses), enabled Māori communities to host meetings to discuss pressing issues among themselves and with neighbouring Māori groups [31] . Any threat to the continuity of wharenui and marae is, therefore, a threat to the continuity of Māori culture, which makes understanding the consequences of seismicity and the application of associated legislation critically important. Culture, cosmology and Māori understandings of the forces of nature have determined the engineering and architectural design of wharenui. Like other customary Pacific buildings, wharenui built in the customary manner are gabled structures with tāhuhu (ridge pole) raised, as the first act of building, and placed onto columns rather than supported on coupled rafters. A uniquely Māori aspect of the design is the inclusion of front mahau (porches), which are the focus for ritual encounters between groups and sometimes elaborately decorated. There are many associations between wharenui building elements and ancestral narratives that add to the tapu (sacredness) of these buildings. In some communities, wharenui are an ancestral personification with a carved kōruru (gable mask) representing their head, maihi (bargeboards) representing outstretched arms, tāhuhu representing the spine and heke (rafters) the ribs. In other communities, the wharenui represents a genealogy, starting from the tekoteko figure at the gable apex as the founding ancestor, with the line of descent following down the tāhuhu, then the heke, and through to the poupou (wall slabs), which often represent more recent ancestors.
The literature on Māori building technologies is scarce, and particularly the literature addressing resilience, largely due to an historic antipathy towards indigenous scientific knowledge and a regrettable lack of structural knowledge by the anthropologists documenting nineteenth century (and earlier) buildings. Recent works by the architectural historians Richard Sundt and Jeremy Treadwell have sought to establish how Māori buildings were constructed [32] [33] [34] [35] . Sundt and Treadwell's research supports intergenerational customary knowledge about the cosmological meanings of wharenui and their constituent parts, by revealing how load transference between structural members replicates the social and genealogical hierarchies between the ancestors that these members represent. Thus, the tāhuhu is the metaphorical founding ancestor/s and Ranginui is the first member raised, with its weight borne by columns associated with his son Tāne-nui-a-Ranginui who 'pushed' his father away from his mother, Papatūānuku, in the Creation story [35] . Thus, structure imitates life. Treadwell's research has focussed on Māori eighteenth and nineteenth century post-tensioning systems that sequentially bind the tāhuhu to opposing paired heke and poupou with harakeke (Phormium tenax; New Zealand flax) ropes ( figure 3) . As a series of transverse frames, Treadwell writes 'The collective action of these arched frames contributed to the formation of a stiff cross-sectional structure' that provided resistance to lateral forces such as earthquakes and strong winds [35] . The joints between heke and poupou became increasingly sophisticated during the nineteenth century as larger wharenui were constructed, evolving from systems similar to rebating to semicircular socket joints known as rua whetu [35] . The natural plant resources used in the construction of the wharenui are significant in embodied meanings. Derived from Ranginui and Papatūānuku the whakapapa (lineage) of the materials positions them as an extension of the primordial deities while the colours and symbols used in the artworks (that commonly embellish structural members) serve to invoke them. Constructed primarily of timber and exposed to Aotearoa New Zealand's wet temperate climate, wharenui are susceptible to natural deterioration [30] . However, native heart timbers are more resistant to rot and until approximately the mid-twentieth century, totara was the most dominant timber used for both carving and construction. A Māori understanding of resilience prioritises longevity and this is reflected in the selection of natural plant resources for structural elements and vulnerable points of connection. For example, totara heart wood contains a natural fungitoxin component, totarol, which resists decay and insect attack [36] and puriri (Vitex lucens) was selected for ground connections and foundations for its resistance to decay.
(b) Historical context of wharenui
Wharenui construction spread in popularity around the country as the nineteenth century progressed and turned to the twentieth, with different iwi, hapū and pan-iwi religious groups adapting the model's decorative embellishments (or non-embellishment in the north, western and southern parts of the country) and sometimes form. By the early twentieth century, Pākehā alienation of Māori land (through conflict, confiscation or purchase) and landscape drainage and clearance for farming, meant that many Māori building materials were no longer accessible or available. The continuity of wharenui building was further complicated by the loss of traditional knowledge (including post-tensioning), due to colonization, and rise in culturally hybrid and, eventually, Building Act-compliant forms of post and beam construction. The literature reviews, including newspapers, have revealed no accounts of shaking-related wharenui damage, although it should be noted that such stories were not necessarily reported because Pākehā were infrequent visitors to pre-twentieth century Māori villages [6] . Although a series of earthquakes accompanied the 10 June 1886 Mount Tarawera eruption (figure 2b for location), the reported damage to wharenui and wharepuni was more the outcome of burial under ash, mud and lava, than shaking [37] . One surviving wharenui, Hinemihi at the village of Te Wairoa (figure 4), reached folkloric levels of fame as a refuge for a number of Māori and Pākehā who fled their own volcanic-damaged homes.
The first wharenui to have steel frameworks for the purpose of resisting earthquakes were built during the 1930s as part of a nationwide whare whakairo (decorated) revival instigated by Apirana Ngata, a renowned anthropologist and Minister of Parliament, through the School of Māori Arts and Crafts he founded in 1926 [38] . These buildings included the wharenui Te Pohoo-Rāwiri (Kaiti Pa, Tūranga/Gisborne, 1930), the construction of which predated the nearby and devastating 1931 M W 7.8 Hawke's Bay earthquake that generated forecast shaking at the site [15] of MMI VII (very strong) using the Modified Mercalli Intensity Scale. Ngata recorded that the wharenui withstood a severe earthquake that may have been this one or the 15 March 1934 M W 6.3 event in the same region [39] . The School's 1936 Te Ikaroa-a-Māui (Ōwae Marae, Waitara) and 1938 Takitimu (Waihīrere Marae, Wairoa) (figure 1b) wharenui projects were similarly constructed, with the framework for all three wharenui hidden behind Māori carvings and kōwhaiwhai (scroll) paintings to minimize the obtrusiveness of a western-constructional intervention within an otherwise customary architectural environment [40] [41] [42] [43] . Takitimu posed a unique design challenge. Ngata considered having a steel poutāhū (see Glossary) rising from the front to support the end of the tāhuhu roof and minimize the earthquake risk [44] . However, since poutāhū in this position were not customarily used in this tribal region, it was decided to instead create a shallower mahau [44] . All these design decisions reveal that, while Māori were prepared to accept the seismic structural requirements, their inclusion was on Māori terms and without compromise to the appearance and traditions of wharenui building that had developed over the previous century.
With no substantial body of evidence that wharenui have sustained structural damage in recent earthquakes, it might be assumed that marae proximity to recent earthquake epicentres or faults is the reason why there has been no notable damage to wharenui. However, areas where there are a high concentration of marae and older wharenui have experienced the 1976 M L 5.1 Waikato earthquake (peak intensity at relevant sites of MMI VII very strong [45] ), the 1987 M W 6.5 Edgecumbe earthquake (estimated peak intensity at relevant sites of MMI IX violent [46] ) and the 2007 M W 6.7 Gisborne earthquake (estimated peak intensity at relevant sites of MMI V very light [47] ) (figure 1b). Today, 35% of marae are located in the High Seismic Risk Area, 40% are located in the Medium Seismic Risk Area and 25% are located in the Low Seismic Risk Area (figure 2a) [29] . Indeed, in recent times and though not always recognized as such, wharenui and their associated wharekai (dining halls) and other marae facilities have increasingly taken on the role of Civil Defence emergency centres during floods and earthquakes [48, 49] . The wharenui at Ngā Hau e Whā Marae in Christchurch even operated as a temporary District Court for 2 years after the 2011 Christchurch Earthquake. They are modern-day versions of Hinemihi [50] .
Nevertheless, with limited access to resources or funds many marae communities have not had the means to establish sustainable maintenance programmes. As a result, many wharenui have long survived with minimal maintenance and are reaching a critical point requiring substantial restoration. Deterioration can result from water entry, insect infestation (i.e. Anobium punctatum; common house borer or Leanobium flavomaculatum; native borer) and corroded connections. These factors are commonly attributed to matters of age and maintenance rather than incompatible material selection. Many wharenui have little or no fire protection and incidents of fire damage are currently regarded as being one of the highest risks to wharenui and the lives of users [36] . By virtue of the current age and condition, large-scale restoration projects are increasingly frequent in general, opening up the need for re-engineering structural systems [51] . Extant wharenui exhibit a range of constructional techniques, from the customary to the Building Act compliant and a host of hybrids in between, a variety that obviates a singular approach to their seismic strengthening.
Analysis of case studies
Geographical location and the Building Code appear to be the driving factors in recent seismic improvements to existing wharenui, since our study reveals no historical imperative for them to be considered a seismic risk and most wharenui do not meet the criteria to be EPB. Information provided by Heritage New Zealand Pouhere Taonga (HNZPT) provides a useful national snapshot of the current scale of seismic intervention. HNZPT's Māori Built Heritage programme supports marae communities in caring for their taonga (including wharenui and associated art practices) by assisting practical restoration projects. Embracing an approach that engages marae communities within their context and as autonomous entities and authorities is fundamental to passing on mātauranga Māori (Māori knowledge) and maintaining both building restoration needs and cultural values. There are more than 500 marae recorded on the HNZPT database as having received advice or assistance regarding Māori Built Heritage matters [51] . Only 11 wharenui are noted to have had proposals to remedy structural defects and lack of lateral resistance, seven of which date from 2014 or later. Of these seven projects, six wharenui have undergone substantial building works where engineered solutions have been employed, and one demolished-a ratio that does not bode well for wharenui continuity. The leader of the Māori Built Heritage programme at HNZPT, Dean Whiting, regards this approach as an ad hoc response where the options presented are (1) a substitution of systems with incompatible materials and solutions, or (2) demolition (Whiting D. (personal communication), Crum, A., 2019.). The financial costs of the first solution, and the cultural costs of the second, are significant for communities.
Investigated at a macro analysis level, the following section provides commentary on current matters pertinent to the six recent wharenui seismic retrofit projects recorded by HNZPT in the past 5 years ( figure 1b for locations) . Of the buildings investigated, the total building footprint inclusive of the outdoor mahau ranges from no more than 80 m 2 for a small wharenui where a larger example exceeds 160 m 2 ; while both share a ground to apex height of approximately 5 m. Variations present in these case study wharenui are typical to the nature of these buildings and it is fair to say that this would also reflect the general range in size apparent in wharenui found in Māori communities today. Though the structural system modelled in all case study wharenui demonstrate the marriage of cultural and structural design principles (figure 5), the variation in the scale and therefore the timber sizes, profiles and spans also vary greatly. As such, typical sizes have not been sought in these observations as it is unlikely this would reveal any consistency relevant to this study. Highlighted in structural assessments of completed projects, environmental impacts that can increase the risk posed to occupants are identified as wind and seismic loading (during extreme weather or seismic events) [51] . Being constructed primarily of timber, buildings of this scale, form and complexity are flexible and can deform and shake without significant damage. Wind loading is a force that has an influence on wharenui and contributes to weathering over time but it can be difficult to justify exposure to wind loading as convincing grounds for substantial repairs (Manktelow C. (personal communication), Crum, A., 2019). None of the wharenui observed have been issued with EPB notices under the EPB Act, and still the scope of building works in these projects has been widened to incorporate considerably more complex structural solutions.
Our study observes changes to the building fabric (post-retrofit) to reflect on processes, further contextualize the current state of urgency and highlight the scale at which these matters impact marae communities today and in the future. Importantly, this study does not attempt to gauge resulting improved seismic performance or safety, i.e. by seeking %NBS ratings before or after 
(a) Retrofit observations
Current practice, as observed in our case study wharenui, has been the construction of a superstructure installed over the top of wharenui, with the existing structure suspended beneath. In satisfying standard load path requirements, timber cannot span the length of a wharenui within a reasonable depth and so steel elements tend to be proposed as a solution. Key observations and impacts on case study wharenui that inform the recommendations presented in this study include:
1) The introduction of a second structure over the existing structure increases the depth of wall cavities and roof space. This has a significant visual impact on the front elevation where the proportions of elements are altered, but more than that, can also be a substitution of the ancestors' limbs. Three different solutions to account for these broadened proportions have been identified in this study. The arrival at such varied solutions speaks of the significant influence of the project team, its members' aspirations, and the options presented: 2) The poutokomanawa (central post) present in many wharenui (in larger wharenui, sometimes two posts) provide midway support to a long spanning ridge beam over the large open space. The cultural function of this member is firmly acknowledged in its position at the heart of building as the element that both binds and separates earth and sky ( figure 5 ). The installation of a steel ridge beam to account for a weakened tāhuhu removes the structural function of the poutokomanawa. In doing so, its kaha (strength) and mana (authority) can be diminished as an interruption of its cultural function. It is thought that, while a wharenui may not have had a poutokomanawa originally, the introduction of a central post to allow for a timber beam may be a culturally appropriate solution in recapturing important structural members in new construction. 3) Timber floors are often replaced with poured concrete to support changes and additions.
This alters the physical connection between the wharenui and the earth and in doing so, the cultural function of members and materials that act as conduit between earth and sky. It also establishes a new level of permanence which requires a transition in thinking. 4) The replacement of deteriorated wall cladding and roofing triggers the requirement to comply with Clause H1 'Energy Efficiency' of the NZBC [23, 52] , which can result in widened cavities for the installation of insulation. This presents opportunities to fulfil other project aspirations, for example, fire protection mechanisms or the desire for modern technology such as electrical sockets or an internet connection. 5) The desire to keep the interior lining and artworks intact means the interior space remains largely unchanged and so recognizable to its users. Additions of carpet and heating systems improve overall thermal comfort. However, removal of the deteriorated cladding and roofing for replacement introduces new materials, such as narrower profile of weatherboard, and can alter the heritage aesthetic and material character. From a cultural point of view, aesthetic alteration creates cultural distortion by blurring visual cues held in the building fabric. Our findings reinforce Whiting's observations. It would appear that engineers and architects are unfamiliar with these structures, and acceptable and culturally appropriate solutions must be developed. Current practice is centred on standardized processes of assessment developed from a singularly western system and applied by those who are trained and accountable within this system. There are currently no training nor professional guidelines to assure a consistent and culturally competent approach. With no formalized system specific to projects of this type there are also no strategies to provide guidance on the various roles and relationships between specialists and communities essential to finding appropriate solutions.
Recommendations: Māori solutions to a seismic problem
Māori heritage places are taonga tuku iho (ancestral treasures) that have endured through generations and encompass the physical or tangible (built or created by human activity), natural features or tribal landmarks (associated with traditional activities), and the intangible (a site of an event or activity where no physical evidence remains) [53, 54] . The ICOMOS charter that guides the conservation standards and practices followed by governing bodies and practitioners in Aotearoa New Zealand has specific inclusions for the protection and preservation of taonga Māori (Māori cultural heritage) including wharenui [55] . The principles of this charter guide an approach to conservation that recognizes Treaty Principles [2] by emphasizing the importance of understanding both tangible and intangible cultural heritage values present and acknowledging the mana (authority, decision-making powers) of associated Māori communities [54, 55] . Recognition of this is fundamental to a model that optimizes an appreciation of both Māori and western architecture and engineering [30] . We believe that an understanding of wharenui as taonga, already recognized in the heritage sector, can inform building practices and interventions made in response to actual and perceived seismic threats.
The risk apparent in a large portion of Aotearoa New Zealand's building stock, highlighted in new strategies towards better management of the structural performance of buildings in future seismic events, has been partly addressed through the development of regulations, a methodology and buildings assessment guidelines enforced under new legislation [5] . Our study recommends that comprehensive strategies that can achieve the same for wharenui are implemented to redirect focus and guide a consistent approach. A reliance on current systems to lead this change will not, as our research has shown, always give effect to the desired outcomes. New systems must be developed that consider socio-cultural matters present in Māori communities. We propose the following strategies:
(a) Informed methodologies Our investigation of case study wharenui reinforces that marae communities are adept in applying a mindful, practical approach to address difficult decisions. Māori communities value options that accommodate their decision-making framework. Adopting Māori-centric approaches addresses Māori issues in Māori communities. Cultural dimensions present in a wharenui, its structural members and materials are not tangible and so a shift in perspective and mindset for any structural interventions is required. Many factors will contribute to the development of an earthquake-prone wharenui framework (figure 6) which must then be applied in a way that is relevant to each wharenui and marae community.
(b) Recognition of Māori building status
As a distinct category of building, specialist considerations and input is required in the planning of wharenui retrofit interventions. It is recommended that all wharenui be given recognition in legislation as taonga tuku iho in building regulations, as a new category of building consistent with the Treaty Principle of active protection. It is recommended that older taonga be afforded additional considerations. (c) To build capability Māori-centric solutions need to factor in the regulatory framework and must also be pragmatic. Therefore, these recommendations speak to two sets of audiences, each with specific concernsthose who set regulations and those who have to navigate the framework and implement solutions. A multi-tiered approach to building capability is needed to facilitate understanding and improve consistency: -Cultural competency training for consultants. -Guidelines, workshops and practical training models for marae communities. -Development of culturally centred best practice guidelines and resources to provide consistent messaging. -Dedicated funding allocation and scholarships for Māori building specialists. -Investment in growing knowledge bases and databases of experts.
-Formalization of inter-agency partnerships.
-Dedicated funding to assist marae communities to plan and complete seismic retrofit projects. -Peer reviews of engineered solutions used as a tool to assist in monitoring interventions proposed.
(d) Culturally appropriate acceptable solutions aspirations. It is then recommended that innovative prototypes be developed to test the structural integrity and seismic resilience of this new retrofit typology.
Conclusion
Are Māori values considered in the planning and construction phases of wharenui seismic retrofit? Our study reveals that Māori understandings of Rūaumoko, Papatūānuku and Ranginui informed where and how Māori built. The School of Māori Arts and Crafts generated innovative Māori-led design solutions in the 1930s that addressed new national requirements for seismic resilience with some structural, but little aesthetic, compromise to customary understandings of wharenui architecture. Recent changes to building legislation, and a lack of specialist understanding about wharenui as a taonga, are further compromising Māori values in the planning and construction phases of seismic retrofit. Intervention is required if wharenui are to survive the legislation concerned with seismicity, let alone seismic events. This is a frontier study that advocates for the development of proactive solution-focused strategies that enable communities to exercise self-determination. As kaitiaki (guardians), marae communities have a traditional obligation to uphold tikanga in the protection and management of their heritage places and taonga. Within the dynamic complexities of marae communities today, a multitude of influencing factors will drive aspirations for strategies towards development and future planning. Customary approaches to maintenance and development are underpinned by not only practicality but individualized considerations of building life cycles, materiality and cultural values [30] . The responsibility to manage and balance considerations from sometimes opposing perspectives is the role of the marae community and it is the role of outside influences (such as processes and consultants) to support these decision-making processes [55] . Modern-day kaitiaki must be practical, flexible and well-informed to address additional contemporary expectations. Māori communities are grappling with changed circumstances, innovative approaches that exceed their cultural comfort zone and accommodating pragmatic solutions as both people and structures transition. Without measures to account for the reciprocal flexibility required of other parties, kaitiaki are contending with conflicting ideas but doing so while demonstrating an adherence to traditions that embrace innovation. In this study, marae communities have used the contemporary obligation to comply with legal and statutory regulations as a tool to address vulnerabilities present in their buildings. This is an act of kaitiakitanga (guardianship) which restores the structural performance of the wharenui and thus enhances its mana. Expert advice has a significant influence on decision-making (project priorities and use of funds) and it is important that the advice is not only mindful of building performance but also that design solutions are culturally appropriate. In order to be cognizant of cultural understandings, design solutions must be developed within marae communities and led by either indigenous practitioners or consultants who have undertaken cultural competency training. Experts are often the conduit through which communities work in the regulatory environment, so have an important role in communicating with authorities.
As evident with the commencement of the EPB Act, recent seismic events have resulted in an amplified focus on heritage buildings and life safety risk. In the face of high costs and complicated compliance processes, there is a concern that substantial engineered retrofit solutions or poor management of issues could place these heritage buildings at further risk. While there are long-standing methodologies for the assessment of timber structures in general, the EPB Act and accompanying legislation and codes [5] are not designed to consider wharenui as taonga Māori and a category of building in its own right. We strongly recommend that this change. The strategies and recommendations outlined in this study provide the necessary catalyst for change. 
